US009636075B2

a2 United States Patent

10) Patent No.: US 9,636,075 B2

Lee et al. 45) Date of Patent: May 2, 2017
(54) SIMULATION-BASED ESTIMATION OF (52) US. CL
ELASTICITY PARAMETERS AND USE OF CPC ........... A61B 6/5217 (2013.01); A61B 6/032
SAME FOR NON-INVASIVE CANCER (2013.01); A61B 6/466 (2013.01); A61B 6/50
DETECTION AND CANCER STAGING (2013.01);
(71) Applicant: The University of North Carolina at (Continued)
Chapel Hill, Chapel Hill, NC (US) (58) IF\IIOeIllg of Classification Search
(72) Tnventors: Huai-Ping Lee, Plantation, FL (US); See application file for complete search history.
Mark Stephen Foskey, Chapel Hill, .
NC (US);IIJVIarc Nie th};mmerlj', (56) References Cited
Carrboro, NC (US); Ming Lin, Chapel U.S. PATENT DOCUMENTS
Hill, NC (US)
2002/0137014 Al 9/2002 Anderson et al.
(73) Assignee: THE UNIVERSITY OF NORTH 2007/0239409 Al 10/2007 Alan
CAROLINA AT CHAPEL HILL, (Continued)
Chapel Hill, NC (US)
OTHER PUBLICATIONS
(*) Notice: Subject to any disclaimer, the term of this
patent is extended or adjusted under 35 Notification of Transmittal of the International Search Report and
U.S.C. 154(b) by 254 days. the Written Opinion of the International Searching Authority, or the
Declaration for International Application No. PCT/US2013/053803
(21) Appl. No.: 14/420,239 (Nov. 1, 2013).
(Continued)
(22) PCT Filed: Aug. 6, 2013
Primary Examiner — Joseph M Santos Rodriguez
(86) PCT No.: PCT/US2013/053803 (74) Attorney, Agent, or Firm — Jenkins, Wilson, Taylor
§ 371 (©)1), & Hunt, PA.
(87) PCT Pub. No.: W02014/025791 Simulation-based estimation of elasticity parameters and use
of same for non-invasive cancer detection and cancer stag-
PCT Pub. Date: Feb. 13, 2014 ing are disclosed. According to one aspect, a method for
. Lo simulation-based estimation of elasticity parameters
(65) Prior Publication Data includes constructing a 3D model of an object comprising
US 2015/0216496 A1l Aug. 6, 2015 biological tissue, the model having a first shape and an
R elasticity value. A simulation iteration is then performed,
Related U.S. Application Data which ti}rllcludes simulating the application of aril external
(60) Provisional application No. 61/680,116, filed on Aug. force to the model, causing the model to have a second
6, 2012. shape, measuring the difference between the second shape
and a target shape, and determining whether the measured
(51) Int. CL difference between the second shape and the target shape is
A61IB 6/06 (2006.01) within a threshold of error. If the measured difference is not
A61B 6/00 (2006.01) within the threshold of error, the process performs additional
(Continued) (Continued)

100

104 102
INITIAL GUESS OF
ELASTICITY AND
FORCES

108 106
DISTANCE MAP OF
FIXED ORGANS

110

MAP ELASTICITY
VALUE TO
DIAGNOSTIC
PARAMETER

114 12

CREATE 3D MODEL

!

FEM SIMULATION ~ |——

!

OBJECTIVE
FUNCTICN

ERROR
MINIMIZED?

PARAMETER
UPDATE

I



